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SUMMARY 

A limited =lysis of data  collected  during  buffeting of a North 
American P-%A-1 airplane  with and without  large  &ernel  fuel  tanks 
instal led lzas been  perl'orned in order t o  explore  the  buffet- chxxrac- 
t e r i s t i c s  of such  configurations. The analysis wzs  made i n  two parts: 
f i r s t ,   the   e f fec ts  of the  tanks on the  general  buffeting cha-racter- 
i s t i c s  of the  airplane khxoughout the  investigated  range of l i f t  and 
Mach number,  and  secoEd, detailed study by e lec t r ica l  and numerical 
frequency  analysis  techniques of one rua in the low- l i f t  high Mach 
number regiorr where the buffeting  excitatior?.  appeared t o  be concen- 
t ra ted et the tanks. 
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The regioc investigates exteDded t o  values of l i f t  a t  which severe 
buffeting w a s  encorn-tered a t  a l t i tudes  betweer 24,000 md 33,000 f ee t -  
The l r z x i m u m  Mach numbers attained were 1.0 without b n k s  a d  0.88 with 
tmks installed.  The principal  qusnti-iies measured  were the  pressure 
l a d s  O J ~  the tank and the motions of the ai-rplane structure. 

It vas found t h t  two different  types of buffeting  occurred  with 
the  tanks  imtalled.  m e  I occurred principally below a Mach n M e r  
of  0.77 and  appeared t o  originate on the w i a g  ir the samemazmer as 
that experienced by the  airplane  without tanks; whereas m e  11, which 
occurred principally sbove 0.77 Mach cumber m d  below the boundary f o r  
the airplane without tELILks, appeared to   or iginate  on the t d s .  During 
Type I1 buffeting  oscillating  pressures  occurred only on the  rear   par t  
of the  tank. The oscillating  pressure load measured on a section of 
the tank ne= the  front of the  oscillating  region w a s  found t o  be repre- 
sentative or" the   ent i re   osci l la t ing losd 011 the tulk. 

The results  presented confirm those of NACA RM L53Gjl (which apply 
t o  an  airplane having azz unswept  wing without ex'erral stores) tht 
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buffeting occurs a t  the lower natural frequencies of the  airplane and 
that the response of the s t rac ture   in  each Kode consists of interraittent 
bursts and i s  consistent with t b a t  expected i f  a resomrh system or" lov 
dampirig i s  excited by a randox in2ut. 

INTRODUCTIOH 

The use of externzl stowage f o r  fuel an6 armanent h s  increased 
greatly with the developxent of high-powered high-density a i r c ra f t  con- 
figurations having t h h  surfaces axd small f ronta l  areas. IIlhis trend 
of developxent has resulted  in  significant  gains  in  potential  perform- 
ance;  hovever, the practical  -utilization of t3ese performance gains i s  
often  limited by the occurrence of buffeting which reduces the effec- 
tiveness of the airplane as a gun platforn, i s  dis turbing  to   the  pi lot ,  
and may threaten the s t ruc twal   in tegr i ty  of the  airplane. 

L i t t l e  fnformatio-?- has been published on buffetirg  characterist ics 
of external-store  configurctions and as E res-dt   designers   bve been 
forceii t o  base  their  designs  principally 011 wind-tunnel  drag resu l t s  
ar,d, of course, on experience.  3uffeting  groblen! which developed have 
usually beer, attacked by exit-and-try methods. 

In  view of t h e  Ebove L t  appeared that a stu6y of external-stores 
buffeting gro'olems was desirable. I n  order to  obtain data on the 
problex,  adiiitional  Fnstrmentetion vas instal led  in  a North Anerlcm 
F-%A-1 airplane whicb was mdergoiF4  tank  steady-load t e s t s .  The 
ex-kernal stores were feel tanks which were lerge and  were b o - r n  t o  
have  an zpgrecizble  effect 0" t i e  bliffetir-g  characteristics of the air- 
plane. The subject tal-& has keen reslaced i n  general  service b y  a 
120-gallo_r_ tar!! of a modified  shape tha-t extrexeLy iT-proved the buffet  
chaxacfertstics of the a i rc raf t  - i t h  tanks 03. It was hoped that t5e 
tests would provide  data on kufl"et3g iz which %he excltation was local- 
ized at tile ta:-& as well as delinezte  tke  general  characteristics of 
buffeting ~f a speclfic air;?lane corfiguration. Keasurezents were 
obtair-ed of structural  xotions th!oaghc=t tile buffethg  region of the 
airplar-e wLthcut the tw-ks ins ta l l sd  an& both s';ructural Fotions ar-d 
pressmes OE t5e  tenk wi:h the tanks LnstalleL 

The results  are  presented anl! discussed i n  two parts: first,  the 
effects of the t a k s  oc the  general   buffeting  chracterist ics of the 
a(rplzne, azd second, a limited study  (principally by means of el-ec- 

mism of the  buffeting  encomtered  in  the high-speed lox-lift  region 
where the  buffeting  excitation  apseared to be cmcentrated a t  tjne tznks. 

L ,,rfcal  frequency-analysis  techniqces  described in  ref. 1) of the mech- 
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i Airplane  and  external  store.- A photograph of the  north  American 
~-86~-1 airplane  with  tie  exterra1  stores  installed IS presected  as  fig- 
ure 1 and E. &.=wTng showing  details of the  store  installation  is  ?re- 
sented as figure 2. Addftional  details &ncI dimensions  of  the  airplene 
and store are  presenteci tn refereme 2 which  reports  results of aeas- 
urenents  of  steady  loads on the  store.  The  external  store  used  vas a 
2k5-gallon  auxiliary  Tuel tank mnufactured  by  North Americm Aviation, 
Inc. The  shape of the tank is,  in  ger-eral,  elliptical a d  b,as a fineaess 
ratio of about 5. Smell horizontal  stabilizing  fins  are  installed  Et 
the  tail  of  the  tank.  The  weight of each or" the  instrumented tanks as 
flown in  the  subject  tests  was 273 poun-ds,  about  one-fifth  that of the 
tmdc containing i ts  rated  amount or" fuel. 

Instrumentation.- The  motions of the  airplane  strdcture  perpen- 
dicular  to  the  plane of the wing were  measured  by  means  of  electricel 
strain-gage accelermeters (maintained  at a constant  tenpereture  by e 
thermostatically  controlled  heating  system)  located  on  major structural 

two  points 0x1 each  tank,  and  at  three  points  on  the  Tuselage. Trans- 
verse  motions  were  measured at tvo  points,  and  longitudinal  notions  were 
zeasured  at  one  point on each -La&. The  locations  and  sensitive  direc- 
tions of the  accelerometers  are sham Fn figure 2. The  two  accelerometer 
positions in  each  tank  (referred  to  hereinaTter  as  "C.G."  ar?d "tail") are 
located  on  the tank center  line -50 and 93 percent,  respectively, of the 
tank  length  behind  the  nose of the tank. 

I members.  These  measurements were made  at  eight  poicts  on  the w i n g ,  at 
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The  outputs of the  accelerometers  were  recorded  on an oscillograph. 
The  conbined  response of the  accelerometer-galvanmeter cmbinations 
VES adjusted to bave a frequency  response  flat  withjn  about 5 percent to 
frequencies ol" about 20 cps so tbat  the  motcons  thought  to  be of mjor 
interest  (the  lover  princigal  modes of the  complete  structure)  would 
not  be  obscured  by  engine-excited  high-frequency  vibration.  The  varia- 
tion  with  frequency  of  the  response  ratio of the  acceleroneter- 
gelvanoneter  com'binations  to  sinusoidal  Torcing  is  preseated in  figure 3. 

The norm1 corngonent of the  air  load OD the  ter?k  and  fins at each 
of the lk stations  shown i r ~  figure 4 ifas measured  through  use of a system 
vhich  integrated  the  pressures at orifices  aistributed  around  the cfrcum- 
ference  of  the  teak  at  each  statior-.  On  the  body of t'ne tan-, 14 ori- 
fices  vere  provided at each  station. On the  fins  from 8 to 16 orifices 
were  provided  at  each  station, dependhg 011 the local  chord of the  fin. 
At  each  station  the  pressures  from  orifices  on  th?  top  and on the  botton 
surfaces of Yne  tank  were  integrated  sep.?=rately alld the  difference  recorded 
on stachrd HACA pressure  instruments.  Additional  information on the 
qerztion of the  system  is  presented  in  reTerence 2. 

I 
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Although the press-me Fntegrating system wes 'prb-ar i ly   dui ted Tor 
the measurement of steady  loads, the resgonse chasacterist ics 02 each 
segment of the system w a s  obtained  ewerimentally by asplying zn osci l la-  
t ing  pressure t o  the or i f ices  and comparing t h a t  pressure with the  out- 
put of the NACA pressure  recorder. The phase and amplitude  response  of 
the system at each s ta t ion was matched with tha t  at the ot'ner stations 
by  adjustment of the various  tubing lsgs involved. The effect  of a1titz.de 
on t'he response characterist ics of the system was siaalated by repeating 
the calibration w i t h  redcced averepe presswe  in  the system. The varie- 
t i on  with frequency of the  resgonse of t3e press-me systems for   the alt i-  
tude  of in te res t  (about 25,000 fee t )  i s  compared with the acceleromter 
response in   f igure 3.  

Indications of the  airflow  during some of the test -runs were obtained 
from 9hotograD1.s of tufts located OF- %he usper  surface of the l e f t  w i n g  
md 03 the inboasd si6e of  the rLght taz. Caneras were munted i n  the 
ugper par t  of the fuselzge and i n  the le f t  tank, respectively, and were 
operated a t  about 130 frames per second. 

Mach  number, normal-force coefficient, and pressure  altitude were 
measured during the -test runs through use of standard KACA recording 
ins t rments  synchronized with the oscillograph by neans of a comqon timing 
c i rcu i t .  A calibrated nose-bocn airspeed system was provided silniliar 
t o  that of reference 3. The values of Mach nuqber obtained wi_th the 
system are believed reliable withln  about M .01. 

TESTS AND RESULTS 

Ground response measurements.-  Inasmuch as previous  results  (for 
example, ref. 1) have i-ndicated the importance of  structural  response 
characterist ics i n  the study of buffeting, an attempt was made t o  deter- 
mine -the response of the airplar-e s t ructure   to  sin-asoidal forcing  though 
use of a single shaker of the rotating  mbalance  type. The force  available 
fro= the shaker used w a s  k8 pounds at 10 cps, +-33 pounds at 20 cps, and 
*75 pomds at 30 cps. Daring these neaeurernents the  airplane was fueled 
to a weight  condition represe1:tEtive of  t h a t  obtained durirs tke f l i gh t  
t e s t s  and was sup3orted 011 the landing  gear. The t i r e  pressure we6 
reduced t o  about  one-half the  norm1  value wiYn the result that   the   natural  
frequency of the  airplane as a whole on the   t i r e s  w a s  betweelz 1 md 2 cps. 

The results  ere  Fresented  in  f igwe 5 as variations  with  forcing 
frequency of the  response of the  a5rglane  structure  in g units  per pound 
of  force. I n  figure ?(a) the  res2onse at the  r lght w i n g  t i p  t o  excitation 
at the right wing t i p  is cozpared fo r  the tanks-on az?d tenks-off conditions 
The first four modes m e  identified i n  the  figure. Comparisol? of the 

Y 
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-l resul ts  f o r  the  front and rear t i9  accelerometers showed that a consider- 
able arriount of torsion is present w i t h  bending in   the   th i rd  and fourth 
modes . 9 

-om figure 5( a)  the  prlnc5pel  effects 02‘ the addition of the  tanks 
m e  the apparent  increase of the frequency of the fourth mode, the sup- 
pression of the third mode, and the  generally higher level of the  response. 
Similar indicatiolzs were obtained from cornpasison of resu l t s  on the l e f t  
side or’ the  airplane,  although  the modal frequencies  are  slightly  different 
and the  accelerations  are  appreciably  different. These differences ere 
believed  to  result from the  fact  that  sillgle-polnt  forcing does not  excite 
the natural  modes of the conrplex airplane  structure i n  pure form. The 
results me, however, believed  to grovide rough indications of the  f re-  
quency and response charecterist ies of the  structure.  

The effect  of location of the excitation on the  response of the 
airplane  structme is presented in p a t s  (b) and (c) of figure 5 .  The 
response at the r ight  w i n g  t i p  t o  excitation a t  the  r ight wing t i p  is 
coapared with that for   exci ta t ion at the t a i l  of the right tank in  f ig-  
ure  5(b). A simi- conpazison for the response a t  the tsil of the right 
tank i s  presented i n  figure 5( c) . * 

d 
Response t o  buffeting excit=tion.- The f l i g h t  program consisted of 

dives and wind ug turns i n  which the p i l o t  attempted t o  pelletrate the 
buffeting  region slowly and smoothly until severe  bufTeting was reached, 
maintain  constant f l ight  conditions  for as long as possible, and recover. 
This procedure was repeated at several   differect Mach nunbers both with 
and without tanks  instal led with the   resul t  that reasonably complete 
coverzge was obtained at Mach numbers between 0.5 and the maximum obtain- 
able (0.88 with tanks and 1.0 without tanlcs) . The majority of the maneu- 
vers were performed a t  al t i tudes between 24,000 and 33,000 f ee t .  

Typical examples of the  records  obtained are presented  as f F g u r e  6 .  
Ln the  opinion of the p i lo t  this  exwple is c l a s s e i e d  as heavy buffeting, 
m d  the  corresponding flight  conditions are a Mach nmber of O.%, airplane 
normel-force  coef3icien-k of 0.14, and pressure a l t i t ude  of 24,000 feet. 
The oscil lograph  record  (fig.   6(a))  i l lustrates  the  character of the 
response of the structure.  The location and sens i t iv i ty  of each acceler- 
ometer i s  give2 oa the  f igure.  It is  ev5dent from the  irregtihr  character 
of this record t h a t  a l l  tine accelerometer traces  contein components at, 
several  differeat  frequencies. The obvious d i f f icu l ty  of interpreting 
traces of this character  grovides  illustration 02’ the   desirabi l i ty  
of separating such records into the- conponents through  use of frequency 
a-a lys i s  methods. 



The pressure  record  (fig.  6(b)) shows that, for  the example presented, 
o sc i lh t lons  did not  occur in  the  taxk  p-essures ahead of s ta t ion 6 (see 
f i g .  4) but showed large  oscillations at and behirid statior- 6. The chm- 
acter of the  records is more irregulzr than t i a t  of the accelerometer 
records; however, it appears that the  oscillating  pressure at s ta t ion  6 
is largest  and cortaim  the lowest  frequency componer;ts. A t  s tations 
further rearward the components 05 the record a2pee.r t o  'De of considerably 
higher frequency. 

Y 

Figure 2 shows that  pa r t s  of the aileron and flap overlap par ts  of 
the tmk and Tins and, therefore, motion of khese coqonents  night have 
an effect  on the measured pressures. The recorded  aileron  position  (see 
f i g .  6(a)) shows an intermittent  oscil lation of the aileron w i t h  respect 
to   the  wing at a frequency of ab0G-L 35 cps end having a maximum amplitude 
of about 3 .bo. The f lap motion was not  recoriied  directly; however, no 
motion of the fla? w i t h  respect  to  the wing could be detected by careful 
measurement of the tuft gictures.  As the aileron motion could be detected 
on the   tu f t   p ic tmes  by a similar procedure, it is concluded that if  f h p  
notion was gresent it was appeciably  smaller  than that or' the  ailerorr. 

D I S C E S I O N  

The buffeting data  collected daring the f l i g h t  t e s t s  have been 
analyzed and are  discussed  in two pests. The first part,  discussed under 
"General Characteristics of  Buffeting," is concerned with the occ-zrence 
and characterist ics of the  buffeting  experieoced  througnout the investi- 
gated  range  of flight  conditions. The second part,  discussed under 
"Detailed  Study of BMfeting,"  applies  the  freqzency  analysis methods 
presented i n  reference 1 t o  what is believed t o  be a representative _Dart 
of the h t a  for  one run with tanks  installed  in  the high-speed low-lift 
bdfet ing  region.  

General  Characteristics of  BuFfeting 

Occ-ience of bu2feting.- Values of lift coefficient end Mach  number 
at which buffeting  started m-d ended during  each of the   t es t  runs are 
Dresented in   f igure 7 togetner w i t h  the limits of the  expiored  region. 
Date. for  the airplane  without tanks are  presented i n  figure 7( a) . The 
bo-lmdary faired through the ;?oints i s  compered with a bound&,ry fo r  e 
similar airplane taken from reTerence 4. The boundary fomd  in  the pres- 
ent  investigation i s  considerably lower than that of the  reference  probably 
due to   the   d i f fe ren t   c r i te r ia  of buffeting and different  instrumentation 
used in  the two tests. The cr i ter ion of buffetips used in  the  present 
investigetion was the occurrence of definite  oscil latory  notiors or" the 
wing t i p s  exceeding zn anplitude of about -e; . This is more stringent 1 

4 
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. than a sh i l a r  criterion  applied to  an accelerometer at the  center of 
gdavity, due t o  the  large  structural  mgnil 'icatdon  present  at  the w 3 3  
t i p s .  i 

Results f o r  tine airplene wTth tar iks instal led axe presented i n  Ti$- 
ure  7(b) . The buTfetivg cr i ter ion used difTered from that used for  the 
tanks-off  case  only i n  the%  oscillations of the  tank  accelerations  xere 
considered  as  well &s those at   the  wing t i p s  . The best fairirg of the 
buffet bouxdary through  the tes t   goints  apgears t o  consist of two 
segments intersecting  at  a Mach nunber of =bout 0.78; the first showips 
a  decrease or" the  airplane  nomal-force  coefficient  for  buffeting  with 
increase  in Mach n-mber aad tine second p a t  showing a opposite varia- 
t ion.  !i'he unusual character 02 the boundary iodicated is believed t o  be 
assocFated w5th the  occurrence of two different  types of b d f e t i n g .  The 
characterist ics of the two types of buffeting  ( identified on the  figure by 
the shaded regions  labeled Type S end Type SI) are  discussed  subsequently. 
The exact  location and shape of the boundary between the %wo regions is 
poorly defined because of the   l lb i ted  am0Un-l of *-La; hok-ever, i ts  exist-  
ence is definitely-  estzblished. For example, during one run at a Mach 
number near 0.82 the bizfs"e%ing inte-n_sity  (estimated on the basis of the 

coefficient was increased from 0.2 t o  0.4 but dbrupii- increased  several- 
fold and changed chmacter when e, normal-force  coef2icien-L of 0.45 was 
reached. Belox a  normal-force Coefficient of about 0.35, the  buffet  
b0und-J (shown dashed in   f igure 7(b) ) is goorly  determined a6 most of 
the  runs which entered  this  regioll were slready i n  l i gh t  bufffeti-w when 
the  recorders were turned  on. 

- aver-e acceleration  mglitude)  decreased  slightly as the  nornel-force 

* 

The liuits of  the  explored  region  are  indicated  for  the tanks-on 
and tanks-of2  cases in  f igure  7(a) and (b) by the  l ines   a t   the   outer  
boun&aries of the shaded regions. At Mach numbers  below about 0.95, 
these  lines correspond t o  roughly equivalent  values of heavy buffeting 
uld correspond t o  a  severity of buffeting which the p i l o t  did not consider 
it prudent t o  exceed. These l imlts  &&gear t o  diverge as the Mach  number 
i s  increased above 0.5 and, i n  the  case of the  airplane wTth tanks, 
restrict   the  perforname of the airplane  to a Mach  number of about 0.88. 

Occurrence of osci l la thg  pressures  on tank.- The values of normal- 
force  coer'ficieot and Mach  number at Ghich oscil lations f irst  occurred 
end cezsed i n  the  pressures on the  tank axe presented i n  figure 8. These 
resul ts   are  sinilar to the  buffet bo-y or' the ai-rplane  with tsdks ~ 

t ha t  us t o  a Mach  number of &out 0.76 e boundmy fa i red  through  the 
points  decreases slowly end appears t o  be reasonably well defined whereas 
above Mach nuabers of 0.75 t o  0.77 osci l la t ions of pressures  occurred at 
a11 noma1  force coer"-ticien%s investigated. "though there is so= evi- 
dence for   fa t r ing  the boundary of pressure  oscillations ~ 5 t h  a sharp  breds 
ne= a Mach  r?vcmber of 0.75 similar t o  the  buffet boundary or" figure 7(b) 
the  evidence is  much less   c lear  t'nm in  the  case of the  buffet boundazy. 

- 

# It shauld be pointed  out  that  the boundmy a t  normal-force coerlticients 
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below 0.4 (shown dashed i n   f i g .  8) is poorly  defined  for the reasons 
given in   the  preceding  section. 

Characteristics of buffeting.- The three boundaries  discussed i n  
the preceding sections  me compared i n  r'igure 9 .  It is immediately 

c 

appasent from this figure that at Mach nmbers below 0.76 the boilndary 
for  the airplane with tanks is about 0.09 normal-force coefficient below 
the boundmy for  the  airplane  without tanks and that the boundary of 
pressure  oscillations on the  tanks corresponds closely w i t h  the bound- 
ary  f o r   t h e   a m l a n e  without tanks. Thus, i n  the region between the two 
buiifet boundaries t'ne t a n k s  me not a direct source of buffet  excitation 
and the  buffeting on the  airplane with tanks occurs i n  the same m e r  
as that of the airplane without tanks. On the basis of previous work 
it i s  presuned that the buffeting of the airplane without tanks arises 
from oscillating  forces on the wing associated with the occurrence of 
a sufficient amount of  separated f l o w .  The s l ight ly  lower b e f e t  boundary 
of the &*plane w i t h  tanks compared t o  that without tanks  is probably 
ciue t o  changes i n  the flow over the wing due t o  the presence  of the tanks 
and the resulting effect  of these c'nenges on the location or area  of 
separation  present or on both the location and =ea or" separation 
s ixxiLt =eo-us l y  . 

I n  the  region above a Mach  number of about 0.77 t'le occmrence of 
oscilla-ting  pressures on the tank was concomitznt w i t h  the occurrence of 
s t ructural  motions. Further, above a Mach nurllber of 0.77 but below the 
buffet boundary of the clean  a inlane  the tank accelerztions were notice- 
ably larger compared t o  the  accelerations of the wing t ips  than was the 
case for the buZfeting  emerienced i n  the region below 0.77. It thus 
aspears tha t  two separra-te types of buffeting  occur. The first tme 
(which occurs below a Mach  num3er of  about 0.76 and is r e fe r r ed   t o   i n  
fig.  7(b) as type I) originates on the wing and is similar t o  that encoun- 
tered by the  airplane xLthout tanks; whereas the second type, which occurs 
at Mach nm-bers above  aboizt 0.77 ( t m e  11, f ig .  7(b) ) , is prinmxily excited 
a t  the tank. This differentiation of type is sugported by the tuft pic- 
tures. Below a Mach  number of 0.76 the tuft pictures showed separated 
flow occurring on the wing ,at much lower normel-I'orce coefficients than 
that at which separation WELS evident on the tank. Above a Mach  number 
of 0.77, however, the tufts on.the tank showed  wide fluctuations on the 
rear  part  of the tank but tufts on the upper surface of  the w5ng remained 
steady  unti l  normal-force coefficients approaching the boundary of the 
clean  airplane were attained. 

Although the mechanism of the  transition between the two regions is 
not  cor@etely  described by t'ze results  presented,  there  appears  to be 
some correlation of the  transition between t h e  two regions with the steady 
load Characteristics of the tanks. Contours of tank steady  load  coef - 
f icient (based on  wing slm- area) ELS 6. function ol" the a i rp lane   noml-  
force  coefficient and Mach number are presented in  f igure 10, &-here they - k 



Y 
9 

are coEpared w i t h  the  buffet boundmy f o r  the  airplane with tanks taken 
fron  figure  7(b) . It is evident that over a large  region  the  load on 
the tank is neazly  independent of the  airplane normal-force coefficient 
and Hach number.  However, as nomal-force coef Ticients of about 0.45 
.=re exceeded the =p load on the tank increases  rapidly with increase  in 
nom-al-force coefficient.  -4s the Mach ntmber is  increased &bo= about 
0.75 below normal-force coefficients of 0.4, the up lo& decreases  rapidly 
with increase  in hfach  number  end becones negative at Mach nlmibers of the 
order of 0.m and noml-force  coefficients of the  order of 0.10. The 
region  in which the buffeting  excitation  zppears  to be concentrated on 
the tank .=p?ears to   correlate  with the regLon  where the up load on the 
tank is small. T'ne t ransi t ion between the t n e  I a d  type I1 buffeting 
regions  (the  bre&  in  the boundary) fa l ls   in   the  region where the contours 
of constant tank steady load are converging residly. 

* 

Detailed Study of Buffeting 

The material  presented in the  preceding  section  provided  irdications 
that i n  the low- l i f t  high-speed buffeting  region (above a Mach  number 

the tank. %cause of the  inherently  simpler  nature of the problem fo r  
known location of the excitation (conpared to that fo r  en unhown distri- 
bution of excitation),  it appeared that detailed study of' t'ne data fo r  
this region night yield  useful  information on the  charackeristics of end 
t'ne r e h t i o n s  between the excitation end response during buffeting. To 
th i s  end, a run about 20 seconds long w a s  selected  as  typical of buffeting 
encountered in  the  region and the  pressures on the tank end motcons of 
the  structure were analyzed wi-th particular  reference t o  the  frequency 
domaia by use of numerical and e l ec t r i ca l  frequency  analysis  techniques. 
The techniques used gave resul ts  fn  the form of e s t i m t e s  of the power 
spectral  density an&, In the  case of the  numerical  techniques, are described 
i n  references 5 md 6. The e lec t r i ca l  frequency-analysis  techniques used 
differed f'ron those of reference 1 only in   that   the   resul ts  are presented 
i n  power-spectral-density form rather than ==rage anplitude form. 

c of 0.77)  the  principal  source of buffeting  excitation was localized at 

I 

The rut selected WES a divt-ng turn maneuver performed  between 27,000 
m-d 23,000 feet  pressure alti-Lucie during which the Mach number varied 
between  0.82  and  0.87 a.nC the airplane normal-force coefficient between 
0.08 and 0.15. The sample records  presented  as figure 6 were taken f r o m  
this run. The analysis i s  restricted to   the  normal pressures Ioeasured 
on the  r ight  tmk and the noma1  accelerations at the r i g h t  w i n g  t i p  md 
at t h e   t a i l  of the  r ight  tmk as it is believed that these  quantit ies  me 
most representative or" the   s t ructural  motions experienced during buffet%ng.. 

Spectra of presswes at different  locations along the  tank.- 1% was 
noted i n  the section  "Results" that proceeding towaxd the  rear of the  tank 
from the   s ta t ion   a t  which oscillzting  pressures f i rs t  occurred  the amount 
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of high  frequency oscil lation  >reseat appeared to  increase.  I n  order t o  
investigate t h i s  observation, a three-second  section of the  record (14 
t o  17 seconds, see  fig.  6(b) ) was selected and 400 points were read at 
evenly  spwed  intervals of 0.0073 second by use of Telereader equipment 
from each of the pressiire  traces Which  showed oscil lation. The readings 
were &e at the s m e  the on the  traces  for each s ta t ion i n  order that 
they  codd be slxrmed. An IIN Card-Progrmid Calculator  set up i n  a 
40-point matrix was used t o  compute power-spectral-density  estimates of 
various combinations  of these dcta. The vzriation w i t h  frequency of the 
power spectral  density of the Pressure 1oaCiin.g on the tank i s  presented i n  
figure 11 for stat ion 6 ( the  first statio11 w h i c h  showed osci l la t ing pres- 
sures), s ta t ion 7, s tz t ion 8, the sum of stetions 6 through 8, and the 
sua of stations 6 through 14. Tne 3ower-spectral-density vdues   ( in   un i t s  
of lbZ/cps) refer t o  the to t a l   o sc i l l a t ing  load and were obtained by mul- 
t iplying the pressure zt each s ta t ion tines the area it represented 
( f ig .  4) before suTnning. The results presented have been corrected  to 
account for t'ne respoose of the pressure measuring system presented i n  
figure 3 and were b m e d  as described i n  reference 5.  

Examination of figure U. reveals that the spectra at s ta t ion  6 and 
at s ta t ions 7 and 8 di f fe r  mmkedly. The spectrum at s ta t ion 6 shows a 
high  level at low frequemies and secondaxy se&s a t  frequencies  of  about 
X) and 27 cps,  respec-bively. The spectrum for stat ion 7 shows a small 
peak at lower frequencies and a relatively  steady value. at higher fre- 
quencies. The spectrum of s ta t ion 8 is  very low i n  nit,u.de and is 
practically f la t .  The spectrum of the sum of stations maek through 8 shows 
the same general  characteristics as the spectrum of s ta t ion 6 a t  a s l igh t ly  
higher  level, the difference  increasing somewhat above about 30 cps. The 
spectrum of the sum of stations 6 through 14 differs only slightly from 
t h a t  of stations 6 through 8. It therefore  appears  that  station 6 ,  the 
first point at which oscil lations were observed,  reproduces  the  salient 
features of the total load on the tank and is  of only  s l igh t ly  smller 
magnitude below about 30 cps. Seyond 30 cps, s ta t ion  6 beaomes 
increasingly less representative. Thus, %t appeared that the load for 
s ta t ion  6 could be taken as representative of the osci l la t ing load on 
the  tank i n  "ne study of the response  of the structure t o  the osci l la t ing 
load. 

Spectra  of tank pressures and structural  notions.- Inasmuch as it 
was shown i n  the preceding  section %hat the osci l la t ing load at s te t ion  6 
can be talren as representative of the to ta l   osc i l l&t ing  load. on the tank, 
point-by-point  addition of pressure  traces was not  necessary.  Therefore, 
e l ec t r i ca l  frequency  analysis  tedmiques (which are fas te r  an& more con- 
venient  than the computational methods, but are no t   i n   t h i s  case s u i t e d  
t o  point-by-point  addition) co-!!d  be used t o  obtain  speotra of tank loads. 

A paxt of the  record of the  selected run extendi-ng from 5 t o  X) sec- 
onds (measured from the  beginning  of  the  run} was chosen for  analysis. 

1 
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The acceleromter  traces for the right w i n g  t i p  and the t a i l  of the right 
tads md tbe  pressme zt s ta t ion  6 were transcribed  into an e l ec t r i ca l  

and recorded on magnetic tEpe. A transcription of each of these  tapes 
was then formed into  a loop and played into  a  tuneable, nerrow-band-pass- 
f i l t e r  type e l ec t r i ca l  f'requeccy analyzer. The output was recorded i n  
terns of the mean squarre of the f i l t e r  output  averaged over the  ent i re  
lecgth of record. This output, div5ded  by t h e   f i l t e r  mea, provides en 
estim-ate of the power spectral  density of the measured q m n t i t i e s   i n  
terms of unitse/cps. The spectral  estimates  obtained by the e l ec t r i ca l  
analysis  technique exe subjec t   to   s ta t i s t ica l   uncer ta in t ies  and accuracy 
1Mte t ions   qu i t e  similar t o  those  associated with %he numerical  tecblique 
used in  the  precedic4  section. The e l ec t r i ca l  f i l ter  was approxinately 
trim-lar i n  sllape an,d had a bmd  width of about 4 cps meesu_red between 
the  half power points. A comparison between spectra  obtained by the 
numerical and e l ec t r i ca l  techzliques ana some r e w k s  on t i e  uncerbainties 
involved are presented as a.n appendix. 

3 signal by mans of' the mvlual tracing  device  described  in  reference 1 

!The variation with frequency of t ne   e s t imte  of power sgectral   density 
for  the  acceleration at t'ne t a i l  of the tank, the  acceleration a t  the wing 
tTp, an& the tank load a t   s t a t ion  6 we presented i n  figure 12. Correc- 
t ions  for  the response chmacter is t ics  of t h e   i n s k r m n t s  given in   f i g -  
ure 3 have been included. The  two acceleration  spectra, >arts (a) and (b) 
of figure 12, show marked resporse peaks for  the wing t i p  near 10 and 
ebout 40 cps and fo r  %he tank near 9 anC 30 cps. Both of the  spectra 
show relatively  high  levels a t  Zrequencies above aboQt 4-0 cps. Ne= and 
above t h i s  IYequency the spectra may be unreliable  for two reasons: first, 
the response of the  accelerometers  hes d-ropped t o  one-quarter of its s t a t i c  
response at 40 cps which was the limit of the response calibration of the 
i n s t m e n t s  used (note that the  response  &ich  enters  into  the power- 
spectral-density te-rm i s  the s q m e  of that shown i n   f i g .  3) ,  and second, 
the manual trscir!! process used to  transcribe  the  besic  data is considered 
t o  be increasingly  inadequte as rYequencies of 40 cps are exceeded. 

!Be pressure load spectrum ( f i g .   X ( c )  ) shows a  generslly  decreasing 
trend wit'n increase in frequency md response peaks are  not so prominent 
as in  the  acceleration  spectra.  It should be noted that   the  resnonse of 
the  pressure system ( f ig .  3) i s  even l e s s  than that of the  accelerometers 
a d  the remarks on u-n-certainty i n  the preceding  paragraph also  agply  to 
the  pressure. It is of interest   to   note   that   the   reht ively  gxminent  
peaks evident in  figure 11 a t  frequencies of 20 and 28 cps are not nearly 
so proninent on the average  spectrum for   the  ent i re  run presented In f ig-  
ure E(c)   indicat ing tha t  the occurrence of p r o ~ n e n t  peeks as Fn Big- 
ure 11 i s  exceptional  rather  than  typical of the record. 

Coqezison of acceleration  spectra  with  structural  response  data.- 
The principal  features of the s p e c t m  of acceleration at the win2 t i p  
(fig-. X?( a) ) me  the  large peal-  near kl cps and the much smaller peak 
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near 10 cps. On the basis of comparison of t h i s  sgectrm.  with  the struc- 
turd resgonse results (fFg. 5 )  it i s  considered that the peaks  correspond 
to  the first ard fourth modes, respectively. Smll bmps in   the  spectra  t 
at 15 and 30 cgs are thought to  indicate  the  location of the second  and 
third mdes . The Sfferences between the frequencies (7 .& cps and 3.0 cps 
for  the first mode, 39 cps end possibly 41 cps for the  fourth)  me of 
the s a 2  order as the estimated  uncertainty of the frequency of the  spectra 
neasmenients,  about +2 cps (see appendix) . The soss ib i l i ty  or" aerodynamic 
effects on the peak response  frequency  should not be ignored, however, 
even  though the available  informtion on the subject  (reference 1 and 
simflar unpublished resul ts)  provides  indications that such effects have 
been small in  ?l ight  buffeting  results.  Also, the peak response f r e -  
quencies shown i n  figure 5 (other  than the f i rs t )  may be different from 
those Fn f l i gh t  because of the  proaability tha t  the mode shapes  excited 
from a single  point are difr'erent from those  occurrirg  in  flight. The 
first node frequency  obtained i n  the ground response  rneasuremnts is  
thought t o  be mxh more representative than those a t  higher  f2equencies; 
thus, the  discrepmcy between the two sets of data a t  the first Eode 
should be more significart  than  the  others (see appendix). 

. 

The princigal  responses in the  spectra of the  acceleration a t  the 
t a i l  of the r ight  tank (fig. l2(b) ) axe a t  9 cps  (the first mode) and 
zt 30 cps. -The 30 cps peak on the  spectra is presmd t o  be the  third 
mode (although  the  response  peaks shown in   f ig .   5 (c)  occur a t  22 and 
26 cps) on the basis of suppler'ntary gromd shaking resu l t s  which showed 
th6t  several tank Eodes rested t o  the t h b d  wing bending mode occur 
be-lween  22 and 32 cps. The a q l i t u d e  of these Eodes, which differed 
pr incisal ly   in  t'le amo-!mt or" side motion present and phese  betwee2 the 
two tanks, appeared t o  depend on the  location and direction of the 
excitation. 

Referring t o  the ground shakin& results ( f ig  5( b)  ) , it is evident 
that   the resgonse a t  the wirg t i p  i s  large  in  the  fourth mode for   e i ther  
locstion of the excitation,  but tha t  in  the  third mode the t i G  response 
is  xuch laxger for exci ta t ion  a t   tne  tank. Thus, the large  anplitucie 
of the fourth node during b7Sfeting ( f ig  . l2( a) ) is consistent  with the 
ground response resalts ( f ig .  5(b) ) for either  excitation at the wing 
t i p  or at &&e tax&; however, the barely vis ible  response at the third 
mode (compared t o  that i n  the fourth)  provides a n  indication that t'he 
excitation  occmred on the wing t i p .  The response  of the tank in   the  
third node (fig.  12(b) ) a3pears t o  be more consistent  (see  fig. 5(  c) ) 
with exci+,etion at the tank than w i t h  excitation .zt t'ce wing t i p .  It is 
thus  apparent tMt the indications of the ground response measuren?ents 
as t o  the  loczkion  of  the  excitation are inconsistent. It is  thought 
that  tne  inconsistency  results  principally from the i d e q w c y  of single- 
point  forcing lor excitation of re la t ively 2ure natural modes of the 
coqlex  structure of the  su3ject airplane. Bxffzting is r.ot thoilght t o  
excite  pare nz;t;.jral modes; however, the mximvsl response should generally 
occur in  these moiies. 

'Ir 

Y 
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Effect of flight  condition and time on bu2feting.- In order t o  
investigate the variation in bu-+feting experienced  during  the run and 
i ts  possible dependence on the  flight  conditions, the output of  the  tran- 
scribed loop-tuned filter system was recorded  (through  a small time con- 
s tant  system) i n  tine history Corm for  vaxious f i l t e r   s e t t i ngs .  These 
%+me h is tor ies ,   fo r   f i l t e r   se t t ings  which correspond t o  the  center fre- 
quencies of the  principal modes shown i n  the  spectra of figure 12, me 
presented in  figure 13 f o r  the  pressure and the acceleration at the teil 
of the tank and zt the wing tis. 

It should be noted that the t h e  his tor ies  shown me the actual com- 
ponents of the  total   record which are  passed t”hrough  tine narrow band pass 
f i l t e r  and not  power-spectral-density  or =an-square valms as Uscussed 
previously. The component time his tor ies  are, however, dis tor ted by the 
tim constants of the  recorder and of t h e   f i l t e r .  The overall  time con- 
s tan t  i s  of the  order 013 l / 2  second and thus  variations which occurred 
much faster  than this r a t e  would not be  shown.  The gross effect  is t ha t  
the amplitude of the actwl component t5me history is subjected t o  a 
running  average having an averagiag period of about 1/2 second. 

I It is inmediately  apparent from ex&nation of f igure 13 that t’lre 
component time histories of .Kll the records show lzrge amplitude varia- 
t ions an& zppear sinikr t o  nodulated waves. The c h r a c t e r  of the  records 
is sbilar t o  that shown In  relerence 1 f o r  a different  airplane  type and. 
i s  consistent with thet which would be expected *on? tlre excitztion of a 
sharply  tmed mechazlical resonent  system  excited by a random forcing 
function.  Coqazison of the component t h e  his tor ies  w i t h  the time varla- 
t ions of normal-force coefficient and Mach  number &mirg the run (shown 
i n   f i g .  l3(b)) reveal no apparent  correlation between bumps i n  l i f t  coef- 
ficielzt o r  changes i n  speed and t’ne bursts evident in   the component time 
histories. Further,  there  appears  to be r i t t l e  i f  any correl&ion between 
the bursts in  the  pressure tine history and. the basts i n  the tank accelera- 
t i on  even at the  frequency of highest  acceleretion  ressonse, about 30 cps 

L 

( f ig  - 13(e) 1 
Further info-rmetion on the ef fec t  of tine a d  flight  condition  during 

buffeti-ng was obtained by  divicUng the  e lectr ical   t ranscr ipt ions of each 
of  Yne 15-second records of pressure aad acceleratFons into five equal 
parts Ebout 3 seconds long. Each of these 3-second segments of the record 
was  ticerr formed ink0 a loog and i ts  sgectrm obtained %bough use of  the 
e l ec t r i cz l  frequency  analysis equipment. The spectra khus obtained are 
presented in  figure 14. -Also included in   f igure 14 i s  the spectrum f o r  
the ent i re  l5-secoad l e w h  of each  record fo r  comparison pu-poses. Each 
set or” 6 spectra is presented  in  figure ik in two grougs of 3 each i n  
order that the  i-niiividual  curves m y  be cleexly  distinguished. 

- &&nation of %he spectra  presented in figure lk reveals that almost 
a l l  the +second spectra agree sa t i s fac tor i ly  with the   t o t a l  spectrum i n  
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character. The uncertainty of these sgectra is, of  course,  larger  than 
that of the 15-second spectra of figure I 2  because of the shorter sample 
length. The gross variations  evident between the spectra or" different * 
sections are, however, somewhat lzrger than the estimated  uncertainties 
of the spectra. (See  appendix .) For exarqle, the tank-tail accelera- 
t ion   sgec t rm  for  the time interval 17 t o  20 seconds ( f ig .  l4(b)) and 
the  pressure  spectra f3r the  intervals 14 t o  17 end 17 t o  20 seccnds 
( f i g .  14( c) ) show higher  than  average levels which are presumably indic- 
ztive of more severe bu2feti;ng experienced  near the end of the run. 

Comparison of acceleration and load  spectra.- The spectrum of the 
pressure load on the r igh t  tank, ( f i g .  12(c)) shows a relat ively con- 
tinuous  character  different from those  of the accelerations and a level 
which decreases  slowly with increase  in frequency. Although t'ne pres- 
sure spectrum  zppears t o  have small peaks superhposed on the  steadily 
decreasing  level  near 10, 20, 30, and &I cps, the acceleration spectrum 
( &d, of cowse,  the  related  velocity  or displacement spectra)  has well- 
defined peaks only ne= 10 and 32 cps. The pressure  spectrum would 
necessarily be a direct  function  of the motion spectrum i f  the  pressure 
resulted solely fro= the mt ion .  Thus, t'ne different chaxacter of the 
spectra  (for example, the appreciable pressures  near 20 cps where the 
xotion is  mall) indicates that the pressures due t o  the motion of the 
tank are small compared t o  the to tz l   p resswes  on the  tank which pre- a 

sumably resul t  from tl-2 charecter of the separated  flow. Further evidence 
of the apparent independence of  the  pressure zlroz the motion may be 
obtained from the time histories  of  pressure and motion i n  figure 13. 
It is  apparent from examillation of these time histories that. there i s  
no direct   correlation between the bursts i n  the f i l t e r ed  con-gonents of 
pressure and nction such as might be expected i f  the pressure  resulted 
from the notion. 

Inasmuch as the pressures do not  appear t o   r e su l t  from the motion, 
it would be of interest  to  deternine whether the motions resu l t   d i rec t ly  
from the pressures  presented. The press-mes on the le f t  tank,  although 
they migint be expected t o  have spectra similes t o  those  presented fo r  
the  r ight tank, would be expected t o  be independently rmdom i n  tine. 
Also, the excitation on both  tanks  (and  elsewhere) would be  expected t o  
i-aflcence the   mt ion  of each tank. Thus, the ~esults presentxd,  although 
they  provide a definite  indication that the  effect  03 the motion of the 
tank on the   pessures  2s sm11, do not  provide L?. definite  indication 
tne t  %he motion of the tank resul ts  only *om the normal pressmes 
presented. 



- CONCLUDING RENARKS 

9 A l h i t ed   ana lys i s  of datz collected dur5n.g buffeting of a North 
Americm F-%A-1 airplane with and without  laxge  external fuel tanks 
instzl led has been  performed i n  order t o  explore  the buf fe th!  chmacter- 
i s t i c s  of such configurations. The region  investigated extended t o  val- 
ues of li?t at wbich severe buffeting was encountered a t  a l t i tudes between 
24,000 md 33,000 f ee t .  The -lnum Mach nunbers obtained w e r e  1.0 with- 
out tarlks and 0.88 with tanks  installed. The princApa1 quantit ies meas- 
ured were the pressure loads on the tmks and the motions of the   a i rp lme 
structure.  

Below a Mach  number of  ebout 0.76 the efr"ect of the tanks was t o  
lower the  buffet boundary by about 0.09 nornal-force  coefficien-l. Above 
this Mach nmber  buffeting was encountered a t  dl vzlues of normal-force 
coefficient  investigated. "'he severity of buffeting encouzltered with 
tanks Fnstalled lFmited the perfo-mmce of the  airplane to Mach numbers 
below 0.88. 

Two reasonably d i s t inc t  and diffe-rellt  types of buffet- were 
observed with the tanks installed. Type I, which occurred  principally 
at Mach numbers b e l o w  0.77, appeared to  originzte on the willg (as ir- 
buffeting  experienced by the  airplane  without twks) and was  not zccorn- 
panied  by oscillating  pressures or unsteady  flow on the tasks until after 
the boundary of t he   a in l ane  without tanks was penetrated. Type 11, which 
occurred  principally above a Mach nmber  of 0.77 end below the boundary 
of the  airplane  without  tanks, zppeazed to  originate at the tank Fo t'i!t 
oscillating  pressures and unsteady  flow were present on the tanks but 
t u f t s  on the wing were steady.  Trmsition between the two types of 
buf?etia occurred in a region where the contours of constant tank steady 
n o m 1  load are convergug  rapidly. 

Detail  study by frequency  analysis  techniques of a run  typical of 
ty-ge I1 buf'feting conZ%m.ed the  resul ts  of RM L53GJl ( for  aa aLrplane 
having su1 mswept w i n g  M-thout ede rna l   s to re s )  that buffet- occurs 
at the lower natural  frequencies of the structure and that the response 
of the  structure in each node consists of intermittent bursts and is 
collsistent with the% expected if a resonsnt  system of l o w  damplhg is 
excited by a randon input. 

0scille;ting  pressures were found t o  occur  only on the  rear prt of 
the  tank. The osci l la t ing load neasured on a section of the tank new 
the f roa t  of the  oscill.zting  pressure  region was fount t o  be represent- 
a t ive of the  ent i re   oscl l lz t ing lo& on the tank up t o  a frequency of 
50 cycles  per  secocd. Compmison of spectra of tank pressure load and 
tank m t i o n  (ard of d e t a i l  time his tor ies  of load and notion) showed 
l i t t l e   co r re l a t ion  providing m infiication  that  the  oscillating pres- 
sures resul-iea  principally from the  presence of separeked f low rather 

- 
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than &s a secon&a.ry e f fec t  of the no%ion of tne tank. Because of the 
limited r z t r e  of tr-e rneasurements end analysis,  the  apparert  inde- 
perdence  of the  Fressure  load fron the   mt ion  should be corsidered a n  
indication  rather  than a def in i te  conclusion. 

Lm-gley Aeronautical  Laboratory, 
Na%ional Mvtsory Committee f o r  Aerozmxtics I 

Lvlgley  Fielc, Va., October 13, 1951:. 



COI4PARISON OF SPFCi3.A OBTAINED SY ELECTKCCAL 

In order t o  provide an fndication of the  consistency of the two 
different  spectral  techniques,  the  pressure  spectrm f o r  s ta t ion  6 
(obtained by use of the numerical  techniques end which wes ?resented in  
f i g .  11) is  conpared io  figure l3(a) with two spectra  obtailled by elec- 
t r i c a l  techniques f r o m  two independent transcriptions of the  basic time 
history For the same tine  period. A sirilar compazison is gresented in 
figure l5(b) for  the spectrum of the  acceleratfon at the t a i l  of the 
r ight  tank. It is agpazent Zrom this   f igure that the  spectra  obtained 
by the  different netnods froz the same data are  generally  consistent 
both W- character and h- level .  The estimated  uncertainty of the  spectra 
obtained by numerical  nethods  estimated by Yne method of reference 5 is 
of  the s a e  order as that estireed for  the  sgectre  obtained by e l ec t r i -  
ca l   mans .  

The diTference between the  sgectra presen%ed in   f igure  13 which 
were obtzjned by e l ec t r i ca l  methods fro= two dLr"ferent transcriptions 
from the same basic  record exceeds the  specified  uncertainty of the equLp- 
uent  (about k10 percent in power spectral  density, 1 cps in freqrency) 
only below about 10 cgs i n  figure 13( a)  . This discrepancy is of the  type 
which could resu l t  from a tape  splice having  poor e l e c t r i c a l  
chesecterist ics . 

A discrepancy of =bo-&, 2 cps i n  Crequency i s  eecient between results 
o-+ the two netnods zt the response ne& near 30 cps in figure  l5(b) . The 
estirmted  frequency  uncertainty of both  the  conputational -e.t'nod and the 
elec-iriczl  equipnent is about tl c p ;  however, d x  t o  the  diff icul ty  of 
maintaining  the speed ratios at the  desired  vslue during the  several  
steps of the  trmscription  process,  the  absolute  frequency  uncertainty 
of the  e lectr ical  data is imreased  to  &out 42 cps. 4 further  source 
of freqaency error is t'ne temlency of  t h e   f i l t e r  reTerence t o  d r i f t  
during  the  detemhztion. The frequency  scale of the  spectrs. preseGted 
herein was  corrected so tha t  EL calibrated  signal of kr_ow- Trequency 
(which WES checked after  recordirg each  spectrum)  zppeazed zt   the  correct 
place on the  frequency  scale. Agplica-iion of tMs correction  izproved 
the cgreement between the severs1  electrical   spectra co-n-si&erabLv; how- 
ever, Yhe frequency scale of the d&z still eppears t o  be s l igh t ly  high 
(i .e.,  the f irst  wi-ng bending response peak  aspeariLng a t  9 or  10 cps, 
whereas on the basis of the ground response neas-aer?Zents, it -night be 
expected t o  appeu   a t  about 7.5 0 s )  . 
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Figure 1.- Photograph of North Amerlcan P-86" airplane with &5-gallon 
external fuel  tanks Installed. 
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Figure 2.- Drawing of North American ~ - 8 6 ~ - 1  airplane showing details of 
external fuel-tank installation and location of accelerometers. Al l .  
dimensions are i n  inches. 
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Figure 3 . -  Variation k i t h  frequency of the ratio of dynamic response t o  
s t a t i c  response f o r  the measuring systems used. 



Tank station 1 2 3 4  

Location (%) 2.5 10 20 35 50 65 80 90 97.5 
Area, in, sq 123 271 511 685 685 602 383 179 74.0 

P 

Fin s t a t i o n  

Locat ion, (% ) 81 87 92 96 99 
Area, in. s q  48.4 80.2 108.1 118.3 126.0 

Figure 4.- Drawing of' external fuel tank illustrating  location of pressure 
measurement ctations. The station  locations (expressed i n  percent of 
t o t a l  tank length measured from nose) and normal area  represented by 
each station are given. 
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(a) Effect of tanks on response at the right wing tip,  excitation applied 
at right wing t i p .  Note break i n  ordinate  scale. 

Figure 5 . -  Variation with frequency of the response or the  airplane  structure 
.to sinusoidal excitation as measured during ground  shaking tests. 



.os 

.O 6 

-04 

.az 

0 

Frequency, cps 
(b; 3:ffeot on res?onse  a t  tine r i g h t  wing t i p  Of 

l o c a t i o n  of  e x c i t a t i o n .  
I 
i I I 

E x c i t a t i o n   a p p l i e d  at 

T a i l  o f  right t a n k  
I 1 

1 -  R i g h t   w i n g   t i p  "_ 

I 

, " - J ~  

Frequency,   cps  
( c )  E f f e c t  on zeaponse a t  t h e  tail of tks rrght 

tank o r  l o c a t i o n  o f  e x c i t a t i o n .  

Figdre 5 .  - Concluded. 
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Aacelcrcmeter Location 

T n i l  normal 
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C. G. transverse 
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21°/in. 

( a )  Acceleration record.. Upward deflection of traces corresponds t o  
increased  acceleration upward, t o  the  right, or t o  the  rear. Aileron 
posi t ion trace is also shown. 

Figure 6. - Ty-pical records  obtained during buffeting at Mach  number of 0.86, 
airplane normal-force cocffi.cient of 0.14, and 241,000 feet  pressure 
alti lude. 
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(b) Tracing of part of pressure record. Upward deflection of traces 
corresponds t o  increased upload on tank. 

Figure 6. - Concluded. 
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(a) Airplane without tanks. 

I 
Figure 7. - Buffet boundary data. 
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(b) Airplane wlth external fuel tanks i n s t f l e d .  

Figure 7.- Concluded. 
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Figure 8.- Boundary data for occurrence of osclllating pressures on tank. 
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Figure 9.- Comparison  of  buffet  boundaries  for  airplane with and without 
tanks with boundary  for  occurrence of oscillating  pressures  on tank. 
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Figure 10.- Comparison of buffet boundary  of airplane  with .tank installed 
with contours of' constant  tank steady normal load coefficient. The 
tank steady load coefficients  are based on the  airplane wing area and 
were plotted from data given in  reference 2. 
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Figure 11.- Spectra of tank normal load f o r  several combinations of the 
data computed  by numerical tech-iques. Time interval 14 t o  17 seconds. 
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(a)  Acceleration at r ight  wing tip. 
m 

33 

L 
-0 to 20 30 50 

Frequency.  cpa 
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(c)  Oscillating  pressure  load on t a i l  of right tank (station 6).  

Figure 12. - Spectra of accelerations and tank pressure loads obtained by 
e l ec t r i ca l  methods. TiEe irrLerval 5 t o  x) seconds. 
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(b) -LUrplane normal-force  coefficient  and Mach number. 

Figure 13.-  Time  histories of the principal components of accelerations 
and pressure load and of f l i g h t  conditions d u r h g  selected m~?. 
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Figure 13.- Continued. 



36 

. 



Frequency,  cps 

cd 
2 4  I I 

0 
0 

a 
(0 

Time i n t e r v a l  "_ 11- 1.h sec  7 

(a) Acceleration at r igh t  w i n g  t i p .  

Figure 14.- Spectra of acceleratiom aad tank  pressure  loads  obtained by 
m 

e lec t r i ca l  methods f o r  five  consecutive 3-second intervals.  Spectra 

comparison. 
r for ectire 15-second interval  (taken Tram fig. 13) are Included for 
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(b) Acceleration at tail of right tank. 

Figure 14. - Continued. 
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(c) Oscillating pressure load on t a i l  of r ight  tenk (station 6). 

Figure 14. - Concluded. 
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(b)  Acceleration a t  t a i l  of r igh t  tank. 

7igure 15.- Two examples of comparison of spectra  obtained from the same 
basic data by numerical  teclmiques (DM) and by electrical  methods. 
Two indepeGdent samples of the resul ts  of e lec t r ica l  methods are 
given for each  case. 
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